Background: Dyspnea is one of the most common emergency department (ED) symptoms, but early diagnosis and treatment are challenging because of multiple potential causes. Impedance cardiography (ICG) is a noninvasive method to measure hemodynamics that may assist in early ED decision making.
D yspnea is one of the most common emergency department (ED) symptoms in older patients. 1 Various conditions, including heart failure, chronic obstructive pulmonary disease, pneumonia, pulmonary embolus, and acute coronary syndromes, may occur alone or in combination in a given patient, adding uncertainty to diagnosis and treatment. In patients with both cardiac and pulmonary disease, the initial assessment and therapy in the ED are challenging.
Because cardiovascular disease, specifically decompensated heart failure (HF), is a relatively common cause of dyspnea in elders, an assessment of hemodynamics, including cardiac output, systemic vascular resistance, and fluid status, may provide important information and aid decision making beyond what is possible from history and physical examination alone. Unfortunately, hemodynamic parameters cannot be accurately determined by patient history or physical examination. [2] [3] [4] [5] Until recently, hemodynamic data could only be obtained by pulmonary artery catheterization. Because this invasive procedure is not practical in the ED, physicians typically are left to make diagnosis and treatment decisions without reliable information about a patient's hemodynamic status.
Noninvasive hemodynamic monitoring by impedance cardiography (ICG) has been used in more than four million patients. Cardiac output (CO) by ICG has been shown to correlate well with CO obtained by invasive methods in hospitalized patient populations with correlation coefficients for CO by ICG and thermodilution ranging from 0.76 to 0.89. [6] [7] [8] [9] [10] ICG also has been used as an alternative to invasive monitoring in the critical care setting. 11 In the ED setting, ICG has been studied for the differential diagnosis of dyspnea [12] [13] [14] and the identification of pulmonary edema 15, 16 and provides prognostic information about hospitalization costs and length of stay. 17 ICG results are available within a few minutes, allowing more rapid patient evaluation than that afforded by radiographic or laboratory studies.
Given the high rate of morbidity, mortality, and hospital readmissions for patients with dyspnea and acute decompensated HF, there is an urgent need to examine technologies that could lead to improvements in care in the ED. The present study examines an aspect of therapeutic efficacy 18 as it relates to ICG and the acutely dyspneic emergency patient, and not simply the performance of ICG as a testing modality. Put into context, previous studies of commonly used ED tools, such as pulse oximetry 19, 20 and B-type natriuretic peptide (BNP) testing, 21 suggest that a 5% to 11% rate of change in diagnosis, or 10% rate of change in therapy, is clinically relevant. The effect of ICG-derived hemodynamics on diagnosis and treatment of dyspnea in the ED is not yet known. The purpose of this study was to determine the rate of change in diagnosis and therapy resulting from the availability of ICG data during the initial evaluation of older ED patients presenting with dyspnea.
METHODS

Study Design
This was a prospective study of dyspneic patients that was designed to determine the frequency of change in the ED physician's initial diagnosis and therapeutic plan after physician access to noninvasive ICG hemodynamic data. The study was approved by each hospital's institutional review board. All patients gave informed consent before enrollment in the study.
Study Setting and Population
The setting was two large urban academic EDs with experience in using noninvasive hemodynamic monitoring. A convenience sample was obtained from patients age 65 years or older who were presenting with a chief complaint of dyspnea or symptoms of HF, as determined by the ED physician. Because ICG is not currently recommended (per U.S. Food and Drug Administration guidelines) for the diagnosis of acute coronary syndromes, including acute myocardial infarction (MI), patients were excluded if electrocardiogram (ECG) or serum markers were positive for acute MI. Additional exclusions included the following: if ICG monitoring was not possible because of inability to place electrodes, if the patient's weight was greater than 341 pounds, or if the patient had an activated minute ventilation pacemaker (which uses an impedance signal). Also, although severe aortic regurgitation that could give a falsely elevated ICG CO is rare and generally evident on ED evaluation, we excluded those with aortic regurgitation by past history, and those with the typical diastolic murmur. Last, because the treatment and disposition actions for patients needing immediate intubation and mechanical ventilation are generally well defined from the emergency physician point of view, and because it was our intent to study the diagnostically most challenging patients, those requiring urgent intubation and mechanical ventilation upon presentation to the ED were excluded.
Study Protocol
Project coordinators screened candidates and an independent research nurse, not involved in the diagnosis or treatment of the patient, obtained hemodynamic data. Hemodynamic data were collected by using the BioZ ICG monitor (CardioDynamics, San Diego, CA), as has been described elsewhere. 22 ICG data are obtained by the following technique: four dual sensors (each sensor consisting of two electrodes) are placed on the patient, as shown in Figure 1 , on opposite sides of the neck at a level between the ears and shoulders and on either side of the chest in the mid-axillary line at the level of the xiphoid process. The outer electrodes in each sensor transmit a low-amplitude, high-frequency current (2.5 mA, 70 kHZ), and the inner electrodes detect thoracic voltage changes. Changes in voltage are used to calculate changes in impedance (Z). Baseline, static impedance is indicative of chest fluid volume, and dynamic impedance is affected by aortic blood volume and velocity. Beatto-beat changes in thoracic impedance are processed to calculate blood flow per heartbeat (stroke volume) and per minute (cardiac output). By using standard equations, other hemodynamic parameters, such as systemic vascular resistance, are calculated. The reciprocal of baseline thoracic impedance can provide an index of intrathoracic fluid and is termed thoracic fluid content (TFC). TFC has been used to identify intravascular and extravascular fluid changes 23, 24 and to titrate diuretic therapy. 25 Before study initiation, participating physicians received instruction regarding the interpretation of the hemodynamic values obtained by the ICG device. Attending physicians, all of whom were board-certified or board-eligible in emergency medicine, were given a description of ICG technology and hemodynamic parameters provided on the ICG report, including definitions and normal values for cardiac index (CI), resistance, thoracic fluid content, and measures reflecting left ventricular performance. This was performed at departmental grand rounds and at the monthly attending-physician staff meeting. Additional information was disseminated in hardcopy by mailing and was duplicated by e-mail. The pathophysiology of HF and hemodynamic findings most suggestive of dyspnea caused by decompensated HF (reduced CI, elevated systemic vascular resistance, and increased TFC) were described. The expected effects of various medications on hemodynamic parameters were discussed, including use of diuretics, vasodilators, and drugs affecting contractility. Additionally, physicians were provided personal reference cards for use at their discretion that detailed normative values for all ICG data. Copies of the data card were also kept fixed to the ICG device. These data were also shown at the time of ICG unblinding. For any given parameter, ICG data are presented as a bar indicating the normal human range. The average result and the currently measured data point then are indicated on this bar, such that variations from normal are readily apparent.
All staff involved with patient care were blinded to the ICG data until after the initial history and physical examination by the attending physician. After the initial history and physical exam, but before initiation of therapy (other than supplemental oxygen), and before obtaining any central laboratory or radiographic data, the attending physician completed a case report form indicating his or her working diagnoses and short-term therapeutic plans. The physician was then immediately shown the ICG hemodynamic data and was asked to complete the case report form again, this time with consideration of the ICG data. All patient care then proceeded according to usual ED routine. Blood tests, including electrolytes, blood urea nitrogen (BUN), serum creatinine (Cr), and BNP levels, were obtained in the majority of cases. Although these data were not mandated as part of the protocol, they were used in most cases to determine final ED diagnosis.
Measures
The two primary endpoints were 1) the rates of change in working diagnosis and 2) medical therapy after the addition of ICG data to the physician's initial clinical assessment and therapeutic plan. In the cases in which the diagnosis changed on the basis of ICG data, a comparison to the final diagnosis was made to determine whether the pre-or post-ICG diagnosis was more consistent with the final ED diagnosis. The final ED primary diagnosis was defined as the principal diagnosis at the end of the ED visit after all diagnostic testing was completed and reviewed by the ED physician responsible for disposition. A change in therapy was defined as the addition or subtraction of a drug or procedure. Changing the dose of a previously ordered drug was not considered a therapeutic change. Adverse events were defined as cardiac arrest, intubation for respiratory failure, urgent cardioversion, or blood transfusion.
Data Analysis
The size of the study was prospectively determined on the basis of the number needed to detect a 5% rate of change in diagnosis or therapy. Given an alpha of 0.05 and a beta of 0.20, a sample size of 100 was needed to detect a statistically significant change. Data were analyzed by an independent statistician using SAS Software (Cary, NC).
Demographic data are reported descriptively. Continuous variables are reported as mean AE standard deviation (SD). Rates of change were calculated by dividing the number of patients in whom diagnosis or therapeutic plan changed by the total number of patients and were reported as percentages. An analysis of variance was performed to assess for differences among vital signs and ICG parameters in the final diagnosis categories.
RESULTS
Eighty-nine patients, cared for by 31 ED staff physicians, were enrolled from December 2001 through July 2003 and are included in the analysis. No adverse event, defined as cardiac arrest, intubation, cardioversion, or blood transfusion, occurred during the course of the ED observation during this study.
The patient characteristics and vital signs are summarized in Table 1 . The mean (AESD) age of the subjects was 74.8 (AE7.0) years. Fifty-eight percent of the patients were African American, and 61% had a history of HF, Table 2 .
Patients could be categorized by final primary diagnosis at the time of ED discharge or hospital admission into three major groups: 1) HF (n = 43); 2) chronic obstructive pulmonary disease (COPD; 20); and 3) ''other'' (26) . The other group included other cardiovascular and lung conditions not included in the HF or COPD groups: atrial fibrillation (n = 4), bronchitis (4), hypertension (2), pneumonia (2), pulmonary hypertension (2), anemia (1), influenza (1), lung cancer (1), palpitations (1), upper respiratory infection (1), atypical chest pain (1), hypoxia (1), intra-abdominal abscess (1), non-cardiac shortness of breath (1), pulmonary fibrosis (1), vertigo (1), and dehydration (1).
Chest radiographs and ECG results were recorded by the ED physician in 85 patients (96%). The various ECG and radiographic findings are summarized in Table 3 . ECG findings were described as normal or nonspecific in the vast majority (82%), and the chest radiograph was normal or nondiagnostic in nearly half, with only 16% showing either HF or upper zone redistribution consistent with pulmonary venous congestion.
Diagnosis Changes A summary of the rates of diagnosis and therapy change that resulted from ICG data are presented in Figure 2 . ICG data changed the working diagnosis in 12 (13%; 95% CI = 7% to 22%). When diagnoses were categorized as either cardiac or noncardiac, the post-ICG diagnosis was the same as the final diagnosis in 8 of 12 patients in whom ICG resulted in a change (67%, 95% CI = 35% to 90%). Of the four patients in whom a change in diagnosis after ICG did not match the final ED diagnosis, one who was ultimately diagnosed with a cardiac cause of dyspnea had normal hemodynamic parameters, suggesting a pulmonary cause. In another patient, altered hemodynamic parameters suggested cardiac dyspnea that was later attributed to an exacerbation of COPD. One patient with lung cancer had hemodynamic findings consistent with diastolic HF. Finally, one patient who initially was thought to have pulmonary dyspnea had altered hemodynamic findings that were believed to be nondiagnostic by the evaluating physician; that patient was ultimately treated for fluid overload and discharged home.
Results Grouped by Final Diagnosis
A summary of the patient vital signs and hemodynamic characteristics grouped by final ED diagnosis is listed in Table 4 . No diagnosis group had vital sign data that were significantly different from those of any other group (p = 0.1332). Of the hemodynamic parameters, cardiac index, systemic vascular resistance index, and thoracic fluid content had one diagnosis group that differed significantly from the other two (p < 0.02). HF patients had greater amounts of lung water, as reflected by a mean TFC (38.5 AE 12.3 kOhm ÿ1 ) that was significantly higher than that of the other two diagnosis groups (30.0 AE 6.17 and 30.4 AE 5.6 for the COPD and other groups, respectively). Patients with COPD had higher CI (3.08 AE 0.57 vs. 2.39 AE 0.56 and 2.48 AE 0.65) and lower SVR (1,361 AE 407 vs. 1,772 AE 565 and 1,789 AE 638) than did patients in the HF or other groups, respectively. Laboratory measurements, including electrolytes, BUN, Cr, WBC, Hgb, and BNP were analyzed by final diagnosis. Of the laboratory measurements, only BNP, measured in 72 patients, exhibited a statistically significant difference (p < 0.0001) among the three diagnosis groups. The HF group had a significantly higher mean BNP level (940 pg/mL) than did the other diagnosis groups (137 pg/mL, and 357 pg/mL for COPD and other groups, respectively).
Treatment Changes
Changes in planned medication orders, occurring after ICG information was revealed (and without other input to the treating physician), are shown in Table 5 . Thirtyfive patients (39%, 95% CI = 29% to 50%) had a total of 54 changes in the medication plan after initial assessment and review of ICG data. Use of diuretics most often was altered based on ICG findings, suggesting fluid overload or cardiac cause of dyspnea. When looking at medication changes by category of final diagnosis, there were 17 medication changes in the 43 patients with a final diagnosis of HF, 20 medication changes in the 20 patients with a final diagnosis of COPD, and 17 medication changes in the 26 patients in the other group. Twenty-three of 54 (43%) medication changes that resulted from the availability of hemodynamic information were changes in the use of diuretics or bronchodilators.
DISCUSSION
In cases of elder dyspneic patients who may require urgent treatment, the ED physician must assess status, formulate a working diagnosis, and institute therapy, in many cases before all information is available. Hemodynamic information, which reflects the contribution of the cardiovascular system to the current presentation, may have an important impact on the process of care.
Our results demonstrate that knowledge of ICG data leads to a change of working primary diagnosis in 13% of elder patients presenting with dyspnea to the ED. When changes in diagnosis were made, they were consistent with the final diagnosis at time of ED disposition in two-thirds of cases. In addition to changes in diagnosis, ED physicians made medication changes on the basis of ICG-derived hemodynamic information in 39% of cases. Finally, unlike vital signs, which were similar across the various diagnostic groups, hemodynamic data varied based on causes of dyspnea. These findings are consistent with the hypothesis that hemodynamic information is relevant and actionable in the ongoing evaluation and treatment of such patients.
Patients presenting with dyspnea are commonly at risk for exacerbation of either cardiac or pulmonary disease. Those with acute HF typically have reduced cardiac output and elevated vascular resistance. Those with a pulmonary or other noncardiac cause of their dyspnea typically have normal cardiac output and hemodynamic parameters. Because the accuracy and reproducibility of ICG have been validated in a variety of patient populations and settings, it is not surprising that physicians used this information to help guide diagnosis and treatment in dyspneic patients. Our finding of different values of hemodynamic parameters among the diagnostic groups is consistent with this paradigm. The relatively high rate of change of diagnosis, when ICG-derived information was revealed to treating physicians, suggests acceptance of the technical and diagnostic accuracy efficacies of the test. Not only does the information result in altered diagnosis, but the noninvasive hemodynamic data provided by ICG was applied by the physicians to therapeutic decision making, an indication of therapeutic efficacy, as defined by Pearl.
18 Thus, our results support the potential value of such information and support a practical role for this technology in the ED assessment of such patients.
Recently, BNP testing has been shown to be a useful bedside tool to aid in diagnosis of patients presenting with shortness of breath. 26 However, despite the availability of point-of-care laboratory testing, real-time diagnosis and treatment can be delayed. In fact, one large trial of cardiac markers found that even with point-ofcare testing, the door-to-brain time (the time from ED arrival until cardiac marker results are available for the physician to act upon) exceeded one hour. 27 ICG data are available within several minutes. And, unlike the hemodynamic information obtained by a pulmonary artery catheter, performance of ICG is noninvasive and can be readily accomplished in the ED without specialized training and at minimal risk to the patient. The magnitude of the changes in diagnosis and treatment resulting from ICG-derived hemodynamic data can be compared with that from other technologies that are currently the standard of care in most EDs. Historically, changes in therapy on the order of 5% to 11% appear to define utility of testing in the ED. In one study, Summers et al. 19 reported that the ED physician assessment of patient severity of illness was changed by pulse oximetry in 3% of cases. Kosowky et al., 21 evaluating BNP testing in patients older than 40 years of age, found that BNP data changed the diagnosis in 10%, and treatment in 11%, of cases. These trials suggest that the rate of change that resulted from ICG use in the present study would be clinically significant in the ED environment. Moreover, ICG can be performed concurrently with existing diagnostic and therapeutic strategies, such that the information is incremental in the decision-making process.
The changes in ED decision making from esophageal Doppler results, a more invasive and less common form of cardiac output measurement, have been studied elsewhere. 28 Those investigators found a change in management decisions in 31% of cases. Our results show a greater change in therapy alone, perhaps because of the incremental information provided by systemic vascular resistance and thoracic fluid content parameters. Although most ED physicians would not subject a patient to esophageal monitoring to obtain hemodynamic measurements, it is likely that many would consider the collection of ICG data, which requires little more time or inconvenience than obtaining an electrocardiogram. We did not measure the time required to obtain ICG data; however, in routine use, these data can be obtained in about 3 to 5 minutes and require 30 to 60 seconds to interpret. Because ICG provides early and accurate data, there is a potential for significant clinical impact from its use. We did not specifically study the financial effects of ICG in this study or how it might have affected length of ED stay or hospital admission rate. However, at a procedural cost for each test of less than $20 and with the cost of a day in intensive care at more than $1,000, the provision of ICG would be cost-effective even if, for example, it reduced hospital length of stay by only one day for every 50 patients monitored.
LIMITATIONS
We acknowledge several limitations. This study evaluated the effect of ICG on working diagnosis and initial treatment plan before the results of chest radiograph, ECG, or BNP level. Thus, it is impossible to gauge the relative importance of the information obtained from ICG to that obtained by these other tests or to judge the additional contribution of ICG for cases in which the results of other tests were available before performing ICG. Although blood work and various ancillary testing such as chest radiography are part of the complete ED evaluation of such patients, the results are generally not available within the first few minutes of patient assessment. By design, this study evaluated ICG's effect on working diagnosis and therapy in a manner that would be consistent with clinical practice in the ED, where patients presenting with dyspnea might be evaluated with ICG either before or within minutes of the ED physician's initial assessment. Furthermore, as seen in our study, the findings of ECGs and chest radiographs are often normal or nonspecific and may not provide significant diagnostic certainty. Because ICG is not part of the diagnostic criteria for acute coronary syndromes, including acute MI, we did exclude patients with evidence of myocardial necrosis from analysis. Therefore, the role of ICG in providing possible clues in the evaluation of patients with dyspnea as a manifestation of MI cannot be assessed by the present study.
Our study was also limited by the use of the final ED diagnosis as the criterion standard for diagnostic categorization. Although it is possible that this diagnosis was incorrect or incomplete in some patients, this represents the real-life diagnosis based on current evaluation strategies during the patient's ED visit. It is also possible that a physician had the right diagnosis and treatment plan before reviewing ICG results and that ICG data resulted in inappropriate therapies. A larger prospective outcome-based study will be required to determine the potential for this to occur.
In our study, ICG data were available and likely contributed to the final ED diagnosis, thereby introducing possible bias. However, the goal of this study was not to assess technical accuracy of the technology, which has been evaluated in previous studies. In contrast, this study was designed to assess whether physicians would incorporate early hemodynamic information into the process of formulating an initial working diagnosis and treatment plan. In addition, the study design does not allow us to draw conclusions about the sensitivity or specificity of ICG criteria, or to compare diagnostic accuracy to other measures, such as BNP or chest radiography. The accuracy of the post-ICG diagnosis based on these hemodynamic criteria could only be verified by a more standardized diagnostic approach including cardiac imaging studies, blinded reviews of subsequent hospital records with adjudication of discordant diagnoses, and long-term follow-up, which were not within the scope of the current study.
CONCLUSIONS
Knowledge of ICG data early in the ED evaluation of patients older than 65 years of age presenting with dyspnea results in significant changes in diagnosis and treatment plan. Whether changes in diagnosis, diagnostic certainty, or therapy from ICG improve outcomes or are cost-effective will require a prospective, randomized clinical trial with longer periods of clinical follow-up.
